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ABSTRACT
DESIGNING FOR DECONSTRUCTION:
EXTENDING THE LIFECYCLE OF A COMMERCIAL
RETAIL BUILDING
MAY 2011
ANTHONY BENE, B.A., UNIVERSITY OF MASSACHUSETTS AMHERST
M.ARCH, UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Kathleen Lugosch

In our fickle economy today, retail can be booming one year and going out of
business the next. When things aren't going so well commercial retail buildings are left
vacant and then can become eyesores that lead to a communities economic downturn.
This thesis proposes a solution by designing commercial buildings for re-use by
designing for deconstruction; so that whole buildings can be disassembled and relocated,
or that building components can be recycled back into the materials loop.

vi

TABLE OF CONTENTS
Page
ACKNOWLEDGMENTS ...................................................................................................v
ABSTRACT....................................................................................................................... vi
LIST OF FIGURES ........................................................................................................... ix
CHAPTER
I.

INTRODUCTION ...................................................................................................1
The Problem.............................................................................................................1
Inspiration: The Big Dig House...............................................................................2
Demolition Process ..................................................................................................4
Europe: Model for Success ......................................................................................6
Building Type: Commercial Retail..........................................................................7

II.

METHODS & TECHNIQUES ................................................................................8
Designing for Deconstruction ..................................................................................8
10 Keys for Designing for Deconstruction ..............................................................9

III.

PRECEDENTS ......................................................................................................13
Rinker Hall.............................................................................................................13
Chartwell School....................................................................................................14
South Lake Union Discovery Center .....................................................................18
Project Frog............................................................................................................20

IV.

BUILDING COMPONENTS ................................................................................22
Foundation .............................................................................................................22
Structure.................................................................................................................24

vii

Envelope ................................................................................................................26
Roof…....................................................................................................................29
Heating...................................................................................................................32
Electric ...................................................................................................................34
Ventilation..............................................................................................................37
Drainage.................................................................................................................39
V.

RETAIL DESIGN..................................................................................................40
The Basic Module ..................................................................................................40
Site Flexibility........................................................................................................40
Potential for Expansion..........................................................................................42
Building Customization .........................................................................................42

VI.

CONCLUSION......................................................................................................47
Results....................................................................................................................47
Final Thoughts .......................................................................................................48

VII.

FINAL PRESENTATION .....................................................................................51
Deconstruction Model............................................................................................51
Presentation Boards ...............................................................................................53

VIII.

BIBILIOGRAPHY ................................................................................................58

viii

LIST OF FIGURES

Figure

Page

1. Design for Deconstruction Diagram ......................................................................11
2. Design for Deconstruction Lifecycle .....................................................................12
3. Rinker Hall.............................................................................................................14
4. Chartwell School....................................................................................................18
5. Seattle South Lake Union Discovery Center .........................................................20
6. Project FROG.........................................................................................................21
7. Pre-cast Concrete Slab Section ..............................................................................23
8. Pre-cast Concrete Slab Connection........................................................................23
9. Shallow Frost Protected Foundation......................................................................24
10. Exterior Structure Elevation ..................................................................................25
11. Post and Beam Structure........................................................................................25
12. Structural Plan........................................................................................................26
13. Standard Wall Section............................................................................................27
14. Foundation to Wall Connection .............................................................................28
15. Window Section.....................................................................................................28
16. Deconstruction Process of Rain Screen .................................................................29
17. Roof Section...........................................................................................................30
18. Detail A..................................................................................................................30
19. Detail B ..................................................................................................................31
20. Detail C ..................................................................................................................31
ix

21. SIPs Connection.....................................................................................................32
22. Radiant Heat Floor Slabs .......................................................................................33
23. Radiant Heat Hydronics Plan.................................................................................33
24. Radiant Heat Floor Slab Section............................................................................34
25. Electrical Floor Chase............................................................................................35
26. Electrical Wall Chase.............................................................................................35
27. Electrical Floor to Wall Connection ......................................................................36
28. Electrical Floor Plan ..............................................................................................36
29. Ventilation Equipment & Ducts.............................................................................37
30. Ventilation Section.................................................................................................38
31. Ventilation Plan .....................................................................................................38
32. Drainage Section....................................................................................................39
33. Drain Detail............................................................................................................39
34. Site Flexibility........................................................................................................41
35. Store Expansion .....................................................................................................42
36. Photovoltaic Terrace ..............................................................................................43
37. Louvers ..................................................................................................................44
38. Window Display Case............................................................................................44
39. Exterior Perspective ...............................................................................................45
40. Interior Perspective ................................................................................................45
41. Exterior Strip Mall Perspective..............................................................................46
42. Building Component Pie Chart..............................................................................48
43. Model Stage 1- Completed Building .....................................................................51
44. Model Stage 2- Removed Roof SIPs .....................................................................51
45. Model Stage 3- Removed Wall SIPs & Trusses ....................................................52

x

46. Model Stage 4- Dismantled Components (except Posts & Beams).......................52
47. Presentation Board 1 ..............................................................................................53
48. Presentation Board 2 ..............................................................................................53
49. Presentation Board 3 ..............................................................................................54
50. Presentation Board 4 ..............................................................................................54
51. Presentation Board 5 ..............................................................................................55
52. Presentation Board 6 ..............................................................................................55
53. Presentation Board 7 ..............................................................................................56
54. Presentation Board 8 ..............................................................................................56
55. Presentation Board 9 ..............................................................................................57

xi

CHAPTER I
INTRODUCTION
The Problem
It’s the environmentally friendly thing to do. Recycle, reuse, reduce. In a world where
all we do is take, take, take it is worth taking a look at what we’ve already have and put it
to good use in order to at least slow our consumption of the world’s natural resources.
There are many convincing statistics about how construction waste and demolition debris
plugs up our landfills and harms the environment. In the U.S. and Western Europe, a
half-ton of construction waste and demolition debris is produced per capita annually. The
US Geological Survey has estimated that 60% of all materials flow (excluding food and
fuel) in the US economy is consumed by the construction industry. The US EPA has
estimated that 92% of all construction related waste produced annually in the US is the
result of renovations and demolitions, with only 8% produced from new construction, and
that this waste is upwards of 30% of all waste produced in the US. Perhaps the way we
think is what needs to be discarded.
Instead of demolishing a building and dumping the remains in landfills, we should
reuse and recycle old building materials. This practice has a long history. The Greeks and
Romans, would reclaim structures from their empire’s conquered lands. For instance,
Egyptian obelisks would be transported to the Roman capital to be resurrected in public
spaces. Emperors’ would tear down their predecessor’s monuments, and use the materials
to construct their own colossal tribute to themselves. In the U.S. the practice of recovery
and reuse had been abandoned after World War II, and the rapid growth of the country
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brought on the need for speed, predictability, and standardization; therefore resulting in
buildings’ complete demolition and new construction.
Not only is construction waste a large contributor to our world’s landfills, but it is
taking up valuable land and all those discarded materials used precious energy resources
to extract from the earth, transport to and from the site, and to create the current form of
the materials. Seems like such a waste to just have them rot, rust, or crumble in a landfill.
One man, Paul Pedini, stopped and thought about this problem and took what others
considered junk and built his house of it. Junk that came from the largest public works
project in the history of the United States…Boston’s Big Dig.
Inspiration: The Big Dig House
Paul Pedini a civil engineer and vice president supervising work done on the Big Dig
had an issue at hand, which was a surplus of Inverset panels. The panels are prefabricated
reinforced-concrete slabs, 10 feet wide and up to 80 feet long, and had been used to build
temporary ramps and roadways for much of the Big Dig project. Nearing completion, the
project had no more use for them. Nor did project administrators want to pay to store the
slabs. Landfill was an option, but burying perfectly good materials didn’t make sense at
all, at least to Pedini. He then came up with the idea of building his home from the
discards of the Big Dig, and from there he set off on the process to get it built. The result
was a 4,300 square foot home in Lexington, Massachusetts that incorporates 600,000
pounds of recycled materials. The main feature of the house is the 13 Inverset panels laid
across salvaged steel framing, which were used as the roof and floors. A job that would
have normally taken six weeks was finished in four days: one day for the foundation, one
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for the frame, and two more to install the Inverset panels, with the help of a 168-ton
crane. Due to the strength of the reclaimed structural components, a roof garden on top of
the garage was incorporated into the house’s design. In the end Paul Pedini was satisfied,
“I love this house and am very proud of it. But I also hope that it will make people take a
good long look at the things they are throwing away.”
Unfortunately, even with the quick assembly of the project, it was an expensive house
for its size, with the price tag of $150 per square foot. It cost $10,000 just to move the
panels from the storage site to Lexington. The problem was that the structural
components from the temporary highway just weren’t designed to build a house out of.
But what if the highway were designed to have a second life. If those structural
components were specifically created for a temporary structure than why weren’t they
designed for a secondary life that could be used in a bridge, school, or apartment
complex? Paul Pedini believes there is a market out there for reusable construction waste,
“I’d like to develop the concept of second use on large construction projects. Have it built
into the work from the start; make it mandatory when there is federal funding,” he
proposes. “If we are going to be building temporary ramps and bridges, we need to look
around to see what else might be built in the near future. Does the city need a parking
garage, a municipal building? We can then shape the materials used in the temporary
bridge for their second use, bolt them together so they can be easily dismantled and
reassembled”. By making it easier to reuse the leftover construction waste, it encourages
the construction industry to take a closer look at the idea and take it more seriously.
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From the Paul Pedini’s innovative project, the Big Dig House, I was inspired to
explore the topic of designing buildings for a secondary life. I want to discover ways to
better design a building so that the materials can be easily recycled or re-used in its
current state in a new construction. In response to the cost problems of the Big Dig
House, I want to investigate ways to design a building with a secondary life in mind so
that it makes economic sense. There is a lot working against it. Building components are
difficult to separate without damaging them. Salvaged materials have low value,
hazardous materials are widespread amongst buildings, and equipment, transportation,
and disassembly time and labor are costly.
Demolition Process
To understand how a building it disassembled it is important to understand the guys
who actually take apart a building, demolition contractors. Demolition contractors
approach a demolition site with the mindset of getting in and out while extracting as
much valuable materials without slowing down the clearing of the site. Therefore they
prioritize big, bulky, and valuable items, such as structural steel, followed by materials
that are easily recovered, such as glass and concrete. Demolition contractors have
knowledge of the market and the value of salvaged materials but have never been in the
position to influence an energy efficient demolition process. The only goal is to get it off
the site and out of sight.
However, in the last decade, new incentives have emerged to divert more types of
materials from demolition into the reuse-and-recycling market. Existing landfills have
reached capacity, and new ones are hard to locate and permit. Tipping fees have risen,
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especially for hazardous materials, and the LEED scoring system encourages waste
diversion. “These factors have boosted the market for materials separation and, in turn,
the growing market has brought the entrepreneurs and equipment engineers to increase
receiving markets and develop better handling methods, both of which improve costeffectiveness,” says Bob Brickner, senior vice president at Gershman, Brickner, &
Bratton, a solid waste management company in Fairfax, Virginia.
Brickner’s company is one of those entrepreneurs, which approaches a dismantling
and demolition project in a much different but better way from demolition contractors. A
GBB project is an organized and controlled demolition. They first start with an analysis
of the building’s construction methods and materials. Then all materials of value that can
be reused and recycled are noted. Next there is an assessment of the building’s hazardous
material, which will show the restrictions on the material’s reuse and disposal, and then a
judgment is made on the degree of demolition. GBB completed a waste diversion and
demolition at the Nashville, Tennessee, Thermal Waste to Energy Plant. Brickner
describes the essential steps of the Nashville process, “The first action was an auction of
all the old equipment and spare parts. The auction raised $983,000, and purchasers were
required to transport items at their cost. The primary construction materials on-site were
concrete and steel, including the 200-foot high smokestack that was taken down by
controlled demolition. Overall, we charted a course for the demolition contractor that
recycled 90 percent of the materials. We had the benefit of time to run the auction.
Because of that, the demolition phase was considerably shorter than if the whole site had
been crushed, and we added the benefit of generating nearly a million dollars for the
owner.”
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Europe: Model for Success
Cost-effective materials depend on local and regional outlook of materials to ready
markets. Contractor costs go up if materials need to be transported some distance to find
their markets, or if they need to be stored for any length of time before reuse. The U.S.
lags behind Europe and Canada, which have a much larger and better developed network
of materials handlers and brokers. In Europe, forces encourage separation of materials
and reuse. The land is scarcer, the value of materials higher, the availability of raw
materials more restricted, and the regulations tighter. In the Netherlands, there is no such
thing as demolition debris; it all has to be reused, and they have a robust market for
materials to be reused in lower value applications. For instance, more than 90% of
secondary raw materials are currently used in road construction. They also currently lead
the world in all recycling with 65% of all waste recycled.
European environmental legislation also requires producer responsibility for
collecting, sorting, and recycling of discarded products at the end of their service life.
Manufacturers work with recycling companies and their own supply chains to manage the
reuse and recycling of their products to control the life-cycle costs. While the U.S.
operates far below this standard, American product companies increasingly see that is
sound business practice to take back and reprocess their own construction waste.
Developing routine methods for reuse is part of developing a truly closed loop
environmental system one where every material has an ongoing useful life, and waste is
diverted from landfills.
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Building Type: Commercial Retail
When thinking about what building type would benefit from this type of thinking I
thought of various temporary structures that have a short-life span, such as disaster relief
buildings and educational swing spaces. Yet I wanted to prove that designing a building
for deconstruction was not only beneficial to temporary spaces, but buildings that are
thought to be more permanent. One building type that caught my eye was commercial
retail. In the fickle economy that we live in today, one year commercial retail can be
booming, while the next year a store can be going out of business. For instance, I
originally looked at all the abandoned Big Box stores scattered all around America. In
order to prevent communities from being burdened with these vacant stores, many towns
are instituting “dark store” ordinances. This regulation states that if a Big Box store is
vacant for a certain amount of time, the previous tenant must pay for the demolition of
the building. If these buildings had been originally designed to be deconstructed these
communities probably wouldn’t be facing this problem. Although I decided to turn away
from focusing on Big Box stores, because they bring even more problems to a
community than just potential abandonment.
Instead of promoting the designing for deconstruction of Big Box stores, I looked at
smaller retail stores that one can find in a commercial strip mall. These strip malls are
also commonly found abandoned, and these vacant stores are leaving empty voids in their
deserted communities. In addition to the environmental benefits, designing for
deconstruction will remove deleterious eyesores from a neighborhood helping it to stem
what maybe have otherwise triggered economic downturn.
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CHAPTER II
METHODS & TECHNIQUES
Designing for Deconstruction
Materials sustainability depends upon "closing the materials loop," meaning the
material life cycle is circular (1-use, 2-collect, 3-process, 4-reuse) rather than linear (1extract, 2-manufacture, 3-use, 4-discard). Deconstruction, a demolition method where a
structure is carefully and methodically disassembled so as to salvage as many
components as possible, is a key step in this circular life cycle. Designing for
deconstruction is a design strategy intended to facilitate future deconstruction. Though
rarely used today, it is arguably the most important green design strategy for achieving
material sustainability through closing the materials loop. Virtually all buildings will
eventually be replaced or removed, so facilitating deconstruction and material reuse will
almost certainly be useful.
Most of the buildings presently under construction will likely be gone in less than 50
years. Monumental buildings, on the other hand, such as elaborate cathedrals, museums,
and other important public and institutional buildings, likely will survive much longer.
The environmental benefit of reusing materials from common short-life buildings is
greater than the benefit from less common long-life buildings, both due to the relative
numbers of these building types, but also because the impact of the wasted materials
averaged over the life of the building is less for the long-life buildings. Designing for
deconstruction is good practice for all buildings, because actual building life is highly
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unpredictable.
As the bones of a building, the structural system is the most permanent part of the
building system. However, when a structural system is deconstructed, it is typically at the
end of the building’s life, which is to consider when designing the structure for
deconstruction. Other building systems will typically already be removed before work
begins on deconstructing the structural system. A thorough designer for deconstruction
will consider how the structure will be disassembled. What type of equipment will be
used? Where will the workers be situated during the work? Could the initial structural
design be tailored to improve safety and stability during disassembly?
The LEED system, which has become a huge incentive for diversion of waste materials
during construction, has been in place for less than a decade, but the construction industry
has hardly begun to address the practice of designing for deconstruction and disassembly,
that integrates waste prevention into the design process. It approaches the problem from
both material and design decisions. First individual building products should produce
little waste in their use and installation has high value for reuse and recycling. Second,
the building itself should be designed with its disassembly and deconstruction in mind.
10 Keys for Designing for Deconstruction
Brad Guy a leader in motivating Design for Deconstruction techniques has drawn out
10 principles or keys to designing a successful deconstructable building. These
techniques were my guiding principles in designing a retail building designed for
disassembly.
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1)

Document materials and methods for deconstruction. As-built drawings,
labeling of connections and materials, and a “deconstruction plan” in the
specifications all contribute to efficient disassembly and deconstruction.

2)

Select materials using the precautionary principle. Materials that are chosen
with consideration for future impacts and that have high quality will retain
value and/or be more feasible for reuse and recycling.

3)

Design connections that are accessible. Visually, physically, and ergonomically
accessible connections will increase efficiency and avoid requirements for
expensive equipment or extensive environmental health and safety protections
for workers.

4)

Minimize or eliminate chemical connections. Binders, sealers and glues on, or
in materials, make them difficult to separate and recycle, and increase the
potential for negative human and ecological health impacts from their use.

5)

Use bolted, screwed and nailed connections. Using standard and limited
palettes of connectors will decrease tool needs, and time and effort to switch
between them.

6)

Separate mechanical, electrical and plumbing (MEP) systems. Disentangling
MEP systems from the assemblies that host them make it easier to separate
components and materials for repair, replacement, reuse, and recycling.

7)

Design to the worker and labor of separation. Human-scale components or
conversely attuning to ease of removal by standard mechanical equipment will
10

decrease labor intensity and increase the ability to incorporate a variety of skill
levels.
8)

Simplicity of structure and form. Simple open-span structural systems, simple
forms, and standard dimensional grids will allow for ease of construction and
deconstruction in increments.

9)

Interchangeability. Using materials and systems that exhibit principles of
modularity, independence, and standardization will facilitate reuse.

10)

Safe deconstruction. Allowing for movement and safety of workers, equipment
and site access, and ease of materials flow will make renovation and
disassembly.

Figure 1: Design for Deconstruction Diagram
Drawing by Author
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Figure 2: Design for Deconstruction Lifecycle
Drawing by Author
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CHAPTER III
PRECEDENTS
Rinker Hall
At Rinker Hall at the University of Florida in Gainesville, the building was awarded a
LEED gold rating by using design for deconstruction techniques. Randy Croxton,
principal architect of Croxton Collaborative, explored techniques and methods that are
entailed in the design for deconstruction practice. Croxton approached the project with
idea of material minimalism. He explains, “There are three aspects to our design
philosophy. The first is that we look for ways not to build; that is, we explore solutions to
programmatic requirements that don’t create fully enclosed, energy-consuming space.
The second is that we minimize in design and detail by avoiding glued and composite
systems and by using assemblies of resources that can be retrieved and reused at the
highest value. And finally, we facilitate disassembly by avoiding situations that require
destructive demolition.”
This philosophy led to the selection of steel over concrete, avoiding layers of
fireproofing, Sheetrock, and other finishes. Floor slabs are concrete, but sealed and left
exposed or covered only with resilient floor tiles rather than layers of carpets and pads.
One of the important characteristics of design for deconstruction and disassembly is
awareness for change over the lifetime of a building. Croxton achieved this by having the
building’s partitions not engage columns, therefore anticipating and facilitating change
and reuse.
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Mechanical systems usually run in false ceilings or are entangled in the structure,
which can complicate disassembly and may require destructive demolition for
renovations. At Rinker Hall, a raceway was created for the mechanical runs and placed
overhead, but they are hidden from sight. The raceway is open and accessible in order to
avoid excessive renovation if changes needed to be made; they are also generously sized
to provide maneuvering room for unanticipated technologies.

Figure 3: Rinker Hall
Image courtesy of Chroma, Inc
Chartwell School
The Chartwell School at Seaside, California is a school designed for dyslexic
children. I chose this project because it uses design for deconstruction strategies, so the
building’s materials can be reclaimed and re-used for a second life. Bradley Guy,
operation director of Penn State University’s Hamer Center, and Scott Shell of EHDD
Architecture in San Francisco and both teamed up and did extensive research for the
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project with a grant from the EPA to explore design for disassembly strategies. The
project had much success and was chosen as an AIA Committee on the Environment Top
Ten Green Projects for 2009, and was also awarded a LEED platinum rating.
The exploration began with a matrix of likely and typical construction materials and
components, an analysis of their characteristics that rates ease of recovery and value after
recovery. The chart of variables was a guide for material selection in the design of the
building. The three main structural materials that were examined were steel frame,
concrete frame, and wood frame. Cast in place concrete is routinely crushed at the end of
its life for reuse as engineered fill, road base, and occasionally for reuse as aggregate in
new concrete. While often referred to as recycling, this is really a low value down cycling
the material. Even reusing crushed concrete as new aggregate down cycling because the
greatest economic value and environmental impact of concrete is in the cement, which
cannot be reused. The possibilities are easier to envision for structural steel. Steel is
easily and very widely recycled, but little is currently salvaged for reuse in its existing
form. There are some salvage yards that take steel for re-sale, but the market seems to be
in its infancy. Reusing rather than recycling steel reduces the transportation cost and
energy needed to get it back to the mill, and recycling steel uses about half of the energy
required to refine steel from ore. Only a few years ago, the salvaged wood market was
still fairly small and fragmented. Now deconstruction and salvaged timbers is big
business, with competition and high prices for the best quality material. Graders now
routinely inspect salvaged timbers and grade them for structural reuse, and many of the
hurdles of only five years ago have disappeared.
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As a result, of having a high economic value and being widely used in California,
wood was selected for the structural framing. The only problem is that typical wood
construction can be labor intensive to salvage and reuse. Design for deconstruction
suggests that connections should be simple, and fasteners should enable disassembly.
The Chartwell campus is composed of several different buildings strewn about the
site, but the main focus is McMahon Hall, the multi-purpose building. Here the large
open room acts as a flexible auditorium. The library, which is located in the back of the
building, overlooks the Pacific Ocean from the campus’s elevated view. The library can
also be opened up to the auditorium through sliding partitions created out of salvaged
lumber. The administration offices are attached off to the side. The north façade of the
building features a double height glass wall sectioned off into eight segments. The lower
four glass sections are actually garage doors that can be opened to the exterior courtyard
to create a large indoor/outdoor space. On the northeast corner of the building a red tower
composed of vertical run metal siding projects upward past the roof plane, this space acts
as the buildings lobby. The main material used in the construction of the school was
wood, which was used for the framing, exterior cladding, and interior finish. All of which
was salvaged from other deconstruction projects. The roof of the building slopes down
from the double height north side to the single height south side.
The Chartwell School incorporates many green technologies into the design of the
building ranging from optimizing daylighting and ventilation, water conservation, and PV
cells. However, the reason I find this precedent to be so useful is the conscious design
decisions made in order for the school to be deconstructed some day. One example is
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how the designers addressed the problem of periodic window replacements. In most
cases, the cement plaster that encases the windows has to be destroyed, along with their
weather tightness, to remove them. “A simple window replacement for a large school
would routinely grow into a major construction project that could not be complete during
a summer break. Students would be moved to portable classrooms, and the whole process
was a classic example of wasted materials, time, and money”, says Shell. To reduce time,
the windows at Chartwell were detailed for disassembly with minimum waste in mind.
To provide a structure and organization to the utilities, a utility raceway was run the
full length of the classroom building adjacent to the corridor. Teacher’s cabinets are
located along these walls, and the doors are recessed in from the hallway, which together
were used to form a shelf for these continuous utility raceways. From a deconstruction
standpoint, there are several advantages to this. First, it disentangles the utilities from the
structure, making it simpler to recover the utility piping and cables and to take down wall
sections without a tangle of piping and cables. Second, by minimizing utility runs
through the wood stud walls, it minimizes drilling of stud which leaves holes in the wood
framing and reduces its value for recovery.
Another way Shell and Guy designed the Chartwell School to be deconstructed, was
by researching the best way to construct and dismantle wood cladding. Through may
trials, they eventually settled with fastening clips that were screwed into the backing of
the wood siding to ease the disassembly process.

17

Figure 4: Chartwell School
Image courtesy of Michael David Rose/MDRP.NET
South Lake Union Discovery Center
The South Lake Union Discovery Center, in Seattle, Washington is a pavilion and
presentation center for the South Lake Union neighborhood and its new residential
communities. One of the main program requirements is that the building be designed to
be relocated and reused. The bolted assemblies and envelope components are detailed to
unfasten and separate the building into smaller modular sections. Once transported to a
new site, the modules can be reconnected and the building reused as a pavilion for
alternate uses at its new location. Although this building is not meant to be completely
deconstructed so it can be used in a completely new construction, I find it still a useful
precedent to study because it still uses the fundamental design strategies for designing for
deconstruction.
The building is located on the edge of an urban park. The way the building sit on the
land, the building appears to be hovering above the parks terrain as it rests atop short
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concrete piers. The edges of the building are cantilevered, so that the landscape runs
undisturbed underneath.
The key structural components are steel bents, paired together with bolted
connections and openly span the interior gallery and exhibit space. Building envelope
components are designed as prefabricated and modular assemblies, clad with durable
exterior materials such as metal wall and roof panels. Large floor to ceiling glass along
the street façade allows the interior of the building to be viewed from the sidewalk and
streetscape, inviting those passing by to become engaged with the exhibit inside. The
wood roof structure cantilevers across the steel frame and overhangs over the walkway
leading up to the entrance, from there the roof slowly slopes downward to the back of the
pavilion.
As apposed to the Chartwell School, this project is a good contrast between the
differences of wood framing versus steel framing. Steel framing is much more easier to
assemble and disassembly because it can be connected through easy, yet strong
connections. The entire Discovery Center is essential just bolted together, which allows
for its easy deconstruction so it can be located on another site.

19

Figure 5: Seattle South Lake Union Discovery Center
Courtesy of Magnusson Klemencic Associates
Project Frog
Project Frog is a pre-fabricated energy efficient building kit. Project Frog was
founded on the notion that there is a smarter way to build. Regular construction, with few
exceptions, has remained largely unchanged for centuries. While products may have
improved in the last 100 years, the process to deliver a building is nearly identical. Their
approach to building uses an easy to assemble kit of parts flexible for a wide range of
uses. This results in bright, healthy, and inspiring spaces that are energy efficient,
environmentally responsible, faster to build, and cost competitive. Project Frog uses
advanced performance modeling that has helped them achieve a level of understanding of
how their buildings will perform, in any location. And this in turn allows owners to
optimize a building kit to match their desired performance. Frog buildings meet the most
stringent green certification criteria, including LEED.
The buildings generate 1/6 the on site waste of a traditionally designed & constructed
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buildings and the suppliers recycle almost all excess materials back into their
manufacturing process. Life cycle assessments show that for a 50 year building lifetime,
a net zero energy Frog causes approximately 87% less fossil fuel use, 85% less climate
change, and 82% less air pollution, and 73% less water pollution than a comparable
average building with average energy use. If an existing building like that were torn
down and replaced with a net zero energy Frog, the Frog would achieve carbon payback
in just 6.5 years.
Although this Project Frog is not a building designed to be deconstructed, it is very
similar to what I am trying to achieve. Like my project, it is a building kit of parts with
no specific site in mind. The building is designed to be energy efficient and consciously
reduces the amount of waste produced during construction.

Figure 6: Project FROG
Image courtesy of Projectfrog.com
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CHAPTER IV
BUILDING COMPONENTS
Foundation
For many design for deconstruction precedents not one tried to actually deconstruct
the foundation of the building, so the decision was made to try a new innovative approach
that had never been attempted before. The foundation of the building consists of 8 feet by
16 feet pre-cast concrete slabs. The concrete slabs are connected to one another using a
metal plate that spans the joint between the two slabs and is bolted into each one of the
slabs. To ensure that moisture does not penetrate through the joints between the slabs
gasketing was attached to prevent this. Also between the joints is a small indent for an
electrical chase to run wiring through the floor of the building, this will be explored in
more in-depth later on. Beneath the concrete slabs is rigid insulation for obvious thermal
protection, and beneath that is loose gravel for a capillary break. The decision to have a
pre-cast concrete foundation has its trade offs, which in this case is the use of a crane.
Earlier I explain that heavy machinery is not ideal for designing for deconstruction
because of the increase construction and deconstruction costs, but I felt that the value of
reclaiming the concrete slabs outweighed the cost of a crane. Hooks were incorporated in
the design of the slab for connection points for the crane, these holes in the slab could be
covered up with rubber stoppers instead of just filling them up with concrete.
For the foundation walls the use of a Shallow Frost Protected Foundation (SFPF)
seemed to be the best direction to go considering that there is significantly less digging
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than that of a traditional concrete slab on grade foundation. SFPF are foundation that
incorporate a rigid insulation wing that runs out about two feet perpendicular to the
foundation wall. This rigid insulation wing prevents the cold from penetrating deep
beneath the foundation slabs and causing frost heave, therefore the footings only need to
be dug 16 inches minimum instead of the New England’s required 4 feet. The shallow
digging makes it quicker to construct these footing walls, and easier to recover for
deconstruction purposes. It probably isn’t worth digging up the footing walls because
they can’t be reused, but they can be recycled and crushed into aggregate.

Figure 7: Pre-cast Concrete Slab Section
Drawing by Author

Figure 8: Pre-cast Concrete Slab Connection
Drawing by Author
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Figure 9: Shallow Frost Protected Foundation
Drawing by Author
Structure
The building’s structure consists of a post and beam structure on an 8 ft 7.25 in
structural grid. The columns and beams are both 8 in. by 8 in. to ensure standardization
throughout the whole assembly. The choice to use wood over steel as the material, was
decided by the fact that wood is created in a more sustainable way than steel. Steel may
be more durable and can be reclaimed at a higher value, but there is a larger market for
reclaimed wood than there is for steel. Plus for steel to be recycled it must be melted
down in order to be remanufactured, which isn’t nearly as sustainable as wood is. The
post and beams use a bolted moment connection for lateral stability. The bolted moment
connection consists of a steel plate on either side of the column/beam one of the plates
has steel tubes that are inserted into the drilled holes to protect the interior of the holes
from wear and tear. The bolted connections will be visible on the exterior of the building
for easy access during deconstruction, and for general awareness of the
deconstruction/construction process of the building.
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Figure 10: Exterior Structure Elevation
Drawing by Author

Figure 11: Post and Beam Structure
Drawing by Author

25

Figure 12: Structural Plan
Drawing by Author
Envelope
The envelope of the building consists of 8 ft. by 8 ft. R-30 SIPS used as infill panels.
A panelized wall system seemed to be the best choice here, because of the quick
disassembly process of detaching large components, the thermal protection of SIPS, and
the high recovery value of them. The exterior of the features a wood cladding rain screen.
The rain screen is designed so that the wood cladding can be slid down two steel Cchannels at either end. This allows for the wood cladding to stay firmly in place, but yet
at the same time does not use nailed connections to allow for easy removal. The rain
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screen component can be simply placed and attached in the opening of the post and
beams. By using this design the wood cladding does not get damaged from nailed
connections and gets reclaimed at a high value, while also making it easy to replace the
cladding if it become damaged by simply sliding it out of the channels. The interior of the
building also features a similar design in that wood finish can be slid down steel Cchannels, except between these channels are electrical chases that run up the columns;
this will be explored in more in-depth later on. Wood finish was chosen over the more
standard gypsum board because it is very brittle and has absolutely no reclamation value.
The building features floor to ceiling double pane windows as its glazing. A common
problem with the deconstruction/replacement of windows, is that removal can
compromised by flashing and exterior finishes that overlie the window flanges and
prevent ease of removal without damaging the adjacent finish materials. This building’s
windows were detailed so that the windows interior trim that holds the window in place
could be removed. Therefore the window component could just fall back into the interior
of the building, without disturbing the flashing to allow for easy
replacement/deconstruction.

Figure 13: Standard Wall Section
Drawing by Author
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Figure 14: Foundation to Wall Connection
Drawing by Author

Figure 15: Window Section
Drawing by Author

28

Figure 16: Deconstruction Process of Rain Screen
Drawing by Author
Roof
The roof of the building consists of 8 ft. by 16 ft. R-30 SIPS roof panels, open web
steel joists, and metal roofing. The SIPS are held up by the four trusses that spans 35 ft,
and have a depth of 22 in. The trusses are bolted into steel angles that are then bolted to
the columns of the structure at both ends. At the parapet designed roof, the SIPS rest on
beams that span 8 ft. from one column to another. The SIPs use a standard connection
between each other using a 5/8” spline and expanding sealant foam. The SIPs are then
connected to the structure of the building using SIPs screws. Yet again the decision to use
a panelized roof system was deemed the best way to quickly and safely disassemble the
roof because the larger components. Also a crane would again have to be used into order
to get the SIPs on and off the roof during construction/deconstruction, but the reclamation
value and the speed of deconstructing the SIPs was determined to be a more important
factor. Once the SIPs are removed, the bolted truss connections are accessible and easy to
remove making the rest of the roof structure simple to remove.
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Figure 17: Roof Section
Drawing by Author

Figure 18: Detail A
Drawing by Author
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Figure 19: Detail B
Drawing by Author

Figure 20: Detail C
Drawing by Author
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Figure 21: SIPs Connection
Drawing by Author
Heating
In order to heat the building, radiant floor heating was chose because it is one of the
most efficient ways warm a space. Radiant floor heating is usually incorporated into the
pour in place concrete slab on grade, but in this case the radiant floor tubing will be
incorporated in the pre-cast concrete slabs. During the creation of the slabs the PEX
tubing will be tied into the wire meshing before the concrete is poured on top. The PEX
tubing runs through the slab from one end to the other several times in a U-pattern. Once
the slab is sufficiently filled with tubing it protrudes slightly out of the concrete slab, so
that during construction, a second measured piece of tubing can be plugged in connecting
on slab to another completing the loop needed for the hydronic system. Along the
perimeter of the outside slabs are small indentations for loose PEX tubing to run along so
that it may loop around and reconnect to the hot water heater. The radiant floor heating
was incorporated into the pre-cast concrete slabs because it would increase the value of
the pre-cast concrete slabs, making it more likely that the slabs would be removed so they
may be reused.
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Figure 22: Radiant Heat Floor Slabs
Drawing by Author

Figure 23: Radiant Heat Hydronics Plan
Drawing by Author
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Figure 24: Radiant Heat Floor Slab Section
Drawing by Author
Electric
The electrical system consists of accessible floor chases, wall chases, and ceiling
raceways. It standard construction entangling wiring within wall, floor and ceiling
cavities makes it difficult to access for repairs without also damaging overlying elements.
During disassembly, these elements often require extensive effort to un-thread and unattach them from the other building elements. Thus, how the services are integrated into a
building can either greatly impede the disassembly process or at minimum allow for
easier repair and ultimate disassembly. Therefore by making these electrical raceways
separate from the structure and accessible by simply removing a cover, it is much easier
to repair, upgrade, or remove electrical wiring without damaging other elements of the
building. The electrical floor chase ways can be found along the joints of the concrete
slabs, were there is a slight depression for the wiring to run. The depression is only 1 inch
deep and 4 inches wide; this is enough for wiring and a shallow electrical floor outlet to
fit. This chase is covered up with a removable steel plate that rests flush with the rest of
the concrete slab. These electrical floor chases run along the floor until they meet the
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structural columns. Here the wiring runs through the floor up the vertical electrical chase
located on the structural column. The electrical chase here is again 1 inch deep by 4
inches wide, and is covered up with a removable steel plate that rests flush with the rest
of the wall. From here the electrical wiring runs up through the wall until it reaches the
ceiling. Here the wiring transfers from the electrical wall chase to the ceiling raceway
that runs parallel to the front of the building. The ceiling raceway allows for accessible
connections for lighting suspended from the ceiling.

Figure 25: Electrical Floor Chase
Drawing by Author

Figure 26: Electrical Wall Chase
Drawing by Author
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Figure 27: Electrical Floor to Wall Connection
Drawing by Author

Figure 28: Electrical Floor Plan
Drawing by Author
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Ventilation
The building’s ventilation system consists of an air handler unit, rooftop air
conditioner, and metal ductwork suspended from the ceiling. The building consists of
three different zones that need to be supplied with air, Zone 1 (main retail space), Zone 2
(storage & mechanical space), and Zone 2 (employee’s bathroom). Each zone has its own
supply and return to ensure sufficient air circulation. Zone 1 has to supply ducts because
it is a much larger space than the other two. Instead of going with the more energy
efficient direction of using natural cooling during the summer months, air conditioning
was chosen because the main goal of the building is to sell merchandise. One of the best
ways to do this is to ensure the shoppers’ comfort so they will spend as much time in the
store as possible. If a shopper feels uncomfortable due to insufficient cooling during
summer months for example, the shopper will not stick around. Therefore it was
determined that advantages of air conditioning outweighed the advantages of natural
cooling.

Figure 29: Ventilation Equipment & Ducts
Drawing by Author
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Figure 30: Ventilation Section
Drawing by Author

Figure 31: Ventilation Plan
Drawing by Author

38

Drainage
The building’s drainage design is very simple, and consists of a sloped roof, parapet
roof, with drainage into a rain barrel. The rainwater will run down the sloped roof, down
into relatively flat (its slightly sloped to ensure drainage) parapet roof. Here the water
collects and drains through parapet drain, which runs down through the gutter’s drains
into a rain barrel. The rain barrel collects the water and then can use the water for any of
the site’s landscaping.

Figure 32: Drainage Section
Drawing by Author

Figure 33: Drain Detail
Drawing by Author
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CHAPTER V
RETAIL DESIGN
The Basic Module
The design of the commercial retail building was purposely design to be simple, in
order to uncomplicated the deconstruction process. The simple form and connections
increase both the deconstruction/construction procedure, therefore decreasing the amount
of time, labor and cost. The decision was made to expose the structure on the exterior
along with its connections for the public’s general awareness that this building was
designed to be taken apart. The layout of the store is very simple, an open floor plan for
the main retail space (42ft. x 35ft.), small corridor in the back for storage and mechanical
services (8ft. x 35ft.), and an employee’s bathroom (8ft. x 8ft.). Due to the trusses ability
to span long distances there was no need to drop columns in this space, allowing for an
open floor plan and therefore giving the tenant the freedom to layout the store however
they see fit. The sloped roof rises about 8 ft. from the back to the front of the building.
The roof was sloped into order to allow in sufficient sunlight, and for drainage purposes.
Retail studies have shown that daylighting can have positive impact on sales, for instance
an environment with good daylighting as opposed to an environment without improves
sales by 5%.
Site Flexibility
Since there is no specific site for this building, it must be flexible as possible to
accommodate any site. One example is the store front will almost always be facing the
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road side, but at the same time one wants to maximize daylight from southern exposure.
The store front and south will not always be in the same direction, so the building design
must be flexible enough to move building components around to site’s conditions. The
building was designed as a square, so that the building could be rotated. Therefore with
all sides being equal, the rotation would have minimal impact of the buildings layout and
functions.

QuickTime™ and a
decompressor
are needed to see this picture.

Figure 34: Site Flexibility
Drawing by Author
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Potential for Expansion
By allowing one building unit to connect to another, it gives these retail units the
potential to expand. This is important to keeping successful businesses from leaving for
larger retail stores. The buildings will also be put in different situations, so its important
to design the building to be flexible enough that the units can be attached to each other in
a strip mall fashion, or the presence to be a detached stand alone unit. The walls must
meet party wall requirements, so the walls were design to be flexible enough to switch
out wall components.

Figure 35: Store Expansion
Drawing by Author
Building Customization
Photovoltaic Terrace- using the same post and beam structure as in the building, a terrace
can be attached to the front of the building. The photovoltaic can rest of this terrace so the
building can provide its own electricity. By attaching photovoltaic cells to the front of the
building it increases the public awareness of the attempt to create environmentally
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friendly building, while also providing renewable energy. The terrace can also provide
shading and protection from the weather along the walkway, while providing a more
comfortable setting for customers to window shop.

Figure 36: Photovoltaic Terrace
Drawing by Author
Louvers- these can simple be attached to the exterior of the windows to provide shading
to the interior. The building is designed to allow plenty of southern day lighting to the
store, but not all types of retail will always benefit from direct sunlight. For example, the
colors on some fabrics can fade over time from too much sun exposure, or wine and
beer’s taste can be negatively affected by too much sunlight. Adding a sunscreen to the
exterior windows will diminish this risk, by blocking out direct sunlight exposure.

43

Figure 37: Louvers
Drawing by Author
Window Display Case- Some retail types may want a display case for their storefront
windows, instead of a floor to ceiling window design. For example, a clothing store
usually wants a display case to place a mannequin with current outfits and styles.

Figure 38: Window Display Case
Drawing by Author
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Figure 39: Exterior Perspective
Image by Author

Figure 40: Interior Perspective
Image by Author
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Figure 41: Exterior Strip Mall Perspective
Image by Author
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CHAPTER VI
CONCLUSION
Results
Component

Material

Next Lifecycle Stage

Vol. ft3 Percentage

Columns

Wood

Unbolted & reused as column

102

2.3%

Beams

Wood

Unbolted & reused as beam

113

2.5%

Pre-cast
Slabs

Concrete

Unbolted & reused as slab or
crushed into aggregate

800

18%

Footings

Concrete

Crushed into aggregate

486

11%

SIPS Walls

Mix

Demounted & reused or separate
components

850

19%

SIPS Roof

Mix

Demounted & reused or separate
components

1331

30%

Truss

Mix

Unbolted & reused or separate &
recycle component

33

.074%

Roofing

Metal

Remanufactured into metal product

9

.002%

Connectors

Metal

Remanufactured into metal product

1

>.001%

Insulation

Polystyrene Reused or recycled

550

12%

Exterior
Cladding

Wood

Removed & reused as cladding

56

1.3%

Interior
Finish

Wood

Removed & reused as finish

90

2%

Glazing

Glass

Reused or remanufactured into
glass

16

.004%

Total Volume: 4437
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The volume of all the building’s components is about 4,437 cubic feet. The only
component that cannot be reused in later building designs is the concrete footings, which
accounts for 11% of the building material volume. Therefore 89% of the building can be
reused, while 99% of the building can be recycled.

Figure 42: Building Component Pie Chart
Image by Author
Final Thoughts
Throughout the whole development of this thesis, I have struggled with why someone
would want to pay the extra money to deconstruct a building. Clearly there are
environmental benefits, but to most developers money is the main motivator. Studies
have shown that deconstructing a standard building (not a building designed for
deconstruction) and selling off the reclaimed materials, can cover almost all the
deconstruction labor costs. Although, I think designing for deconstruction is a valuable
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construction method, labor is currently too expensive and raw materials are too cheap to
motivate developers to adopt this technique.
Maybe in the future, a combination of green building rating system incentives, price
increases for new raw materials, and possible tax incentives could drive the demand for
designing for deconstruction. Hopefully this will sway building owners to implement
deconstruction design features, because it’s difficult enough to convince them when the
return on the investment is perceived to be only at the end of the building’s life. Changes
are also needed in materials handling. For example, suppliers will need to start stocking
used materials in addition to new materials. Deconstruction specialists will need to
develop efficient techniques for dismantling buildings, and will need markets for the used
materials. Materials labeling, perhaps following the model of wood grading, will help
designers and consumers identify the strength and quality of used materials. Higher
demand for used materials will drive the development of markets, which is where green
building rating systems and government incentives could help, until future scarcity of
resources and increased energy prices drive up the cost of new materials.
In the present though, I believe there are two selling points for developers on why
designing for deconstruction increases the value of a building. First, the building will be
easier to modify and improve during its useful life. Second at the end of its life the
salvage value of its materials will be higher. The materials will have been selected for
their reusability and connected together so as to be easily separable for reuse. For this
reason, the future buildings will be valued not just for their location, functionality, and
aesthetics, but also the value in all of its essential parts. Also many companies today are
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trying to sell to the public that they are “green”. By selling their products out of building
designed for deconstruction, only increases the public’s environmentally friendly view of
the brand.
In retrospect, maybe a specific building type was not the best decision, but a building
kit that could be customized & modified to fit a variety of building types, sort of like
Project Frog. This thesis’ focus was always more on the process of designing for
deconstruction, than the design of a commercial retail building, but that is a problem for
another day. Although, designing for deconstruction may not be imperative at the present
and we lack the motivation now, the buildings we build today will be the buildings we
demolish or deconstruct in the future. Food for thought: 27% of existing buildings in the
year 2000 will be replaced from 2000 to 2030 and that over 50% of buildings in the year
2030 will have been built since 2000. This huge mass of buildings that are to be replaced
and newly constructed can either be large sources of waste in the next generation after
2030, or they can incorporate design for deconstruction to recover their materials from
future repairs, renovations, and removals. In conclusion, I hope the last few chapters of
this paper have been helpful in pointing out the values of designing for deconstruction,
and have shed some new innovative insight on the conversation.
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CHAPTER VII
FINAL PRESENTATION
Deconstruction Model

Figure 43: Model Stage 1- Completed Building
Model & Image by Author

Figure 44: Model Stage 2- Removed Roof SIPs
Model & Image by Author
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Figure 45: Model Stage 3- Removed Wall SIPs & Trusses
Model & Image by Author

Figure 46: Model Stage 4- Dismantled Components (except Posts & Beams)
Model & Image by Author
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Presentation Boards

Figure 47: Presentation Board 1
Image by Author

Figure 48: Presentation Board 2
Image by Author
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Figure 49: Presentation Board 3
Image by Author

Figure 50: Presentation Board 4
Image by Author
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Figure 51: Presentation Board 5
Image by Author

Figure 52: Presentation Board 6
Image by Author
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Figure 53: Presentation Board 7
Image by Author

Figure 54: Presentation Board 8
Image by Author
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Figure 55: Presentation Board 9
Image by Author

57

BIBILIOGRAPHY

Connacher, Ian. "A Playground made from Wind Turbine Blades, a House Constructed
from a Highway, a Gym Built Out of Shipping Containers: Garbage Architects
Around the Globe are Transforming Waste into "Wow!"." Azure 25.195 (2009): 805. Print.
Deller, Kinley. Design for Disassembly: How Many Years Will Your Next Building Last?.
27 Vol. , 2009. Print.
---. Design for Disassembly: How Many Years Will Your Next Building Last?. 27 Vol. ,
2009. Print.
Durmisevic E., and Yeang K. "Designing for Disassembly (DfD)."
Archit.Des.Architectural Design 79.6 (2009): 134+-7+. Print.
Gragg, Randy. Discovery Center, Seattle, Washington. 3 Vol. , 2008. Print.

Hodgins, Dave. "Highway Scrap from Boston's Big Dig Yields High-End Home." Urban
Land 67.3 (2008): 22-3. Print.
"http://www.lifecyclebuilding.org/."Web.

Knecht, Barbara. Designing for Disassembly and Deconstruction. 192 Vol. , 2004. Print.

"Massachusetts Building Code: Seventh Edition." Executive Office of Public Safety and
Security (EOPSS). September 2008.
O'Brien, Elizabeth, Bradley Guy, and Angela Lindner. Life Cycle Analysis of the
Deconstruction of Military Barracks: Ft. McClellan, Anniston, AL. 1 Vol. , 2006.
Print.
---. Life Cycle Analysis of the Deconstruction of Military Barracks: Ft. McClellan,
Anniston, AL. 1 Vol. , 2006. Print.
Razaz Z.E. "Design for Dismantling Strategies." J.Build.Appraisal Journal of Building
Appraisal 6.1 (2010): 49-61. Print.
Sassi P. "Defining Closed-Loop Material Cycle Construction." Build Res Inf Building
Research and Information 36.5 (2008): 509-19. Print.
58

Shulman, Ken. "From Highway to Home: Using Recycled Materials from the Big Dig,
Single Speed Design Creates a House of Monumental Proportions." Metropolis
25.10 (2006): 156,161,231. Print.
Solomon, Nancy B. "The Pick of the Sustainable Crop." Architectural Record 193.7
(2005): 153,156,158,160. Print.
Steinbrueck, Peter, and Kathleen O'Brien. Why are we Wasting Buildings?: Expanding
our Region's Recycling Commitment [Seattle, Washington]. 27 Vol. , 2009. Print.
Ward, Andrea. "Chasing Net-Zero: A School for Students with Learning Differences
Reaffirms its Core Values with a New Campus Chartwell School, Seaside,
California." GreenSource: the magazine of sustainable design 4.4 (2009): 56-9.
Print.
Yeang, Ken,. "Designing for Disassembly (DfD)." Architectural design 79.6 (2009): 1347. Print.
Yudelson, Jerry. Green Building through Integrated Design. New York: McGraw-Hill,
2009. Print.

59

